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1.0.  INTRODUCTION 


This  report,  prepared  by  the  System  Simulation  and  Technology  Division 
of  the  Directorate  for  Tank -Automotive  Technology,  U.S.  Army 
Tank -Automotive  Command  (TACOM),  describes  the  testing  of  a  prototype 
driver’s  hatch  for  the  M9  Armored  Combat  Earthmover  (ACE)  bulldozer.  It 
was  desired  to  determine  the  safety  and  operational  characteristics  of 
the  new  hatch  while  subjected  to  the  dynamic  forces  encountered  as  the 
vehicle  traverses  various  characteristic  terrain  profiles. 

A  Dynamic  Analysis  and  Design  of  Systems  (DADS)  computer  model  of  the  M9 
vehicle  was  created  and  ’•simulated’’  over  selected  terrain  profiles  to 
produce  those  exact  forces  the  hatch  encounters  as  the  M9  traverses 
terrain.  The  resultant  duty  cycle  position/time  history  of  the  hatch 
was  then  transferred  to  TACOM's  full-scale  Physical  Simulation 
Laboratory  to  provide  the  control  signals  to  hydraulic  actuators  which 
reproduce  these  motions  on  a  test  fixture.  See  Figures  1-1  and  1-2. 


2.0.  OBJECTIVES 

The  intent  of  this  work  was  to  effectively  test  the  durability  of  the 
new  hatch  by  simulating  the  M9  ACE  traveling  over  selected  terrain  pro¬ 
files.  To  accomplish  this,  a  new  methodology  which  used  TACOM’s  analy¬ 
tical  and  physical  simulation  capabilities  is  presented  and  detailed  in 
this  report. 


3.0.  CONCLUSIONS 

A  DADS  M9  ACE  computer  model  was  developed  and  simulated.  Difficulty  in 
obtaining  vehicle  parameter  data  (mass,  geometry,  inertia,  etc.)  contri¬ 
buted  to  some  delay.  A  total  of  88  hours  of  simulation  testing  was 
planned  and  executed  in  the  Physical  Simulation  Laboratory.  Three 
unique  terrain  profiles  and  vehicle  speeds  were  selected  to  provide  the 
input  disturbance  to  the  model  (and  subsequently  to  the  hatch).  These 
were  as  follows: 

•  Secondary  Road  (Fort  Knox  56a),  15  mi/h 

•  Mild  Cross-Country  (Aberdeen  Proving  Grounds  9),  9  mi/h 

•  Rough  Cross-Country  (Fort  Hood  FR1),  7  mi/h 

These  vehicle  speeds  were  selected  because  they  are  the  maximum  speeds 
which  an  "average  male"  could  endure  for  long  periods  of  time  (greater 
than  15  minutes).  The  course/speed  selection  criteria  is  further 
explained  in  par.  5.0. 

A  Computer-Automated  Measurement  and  Control  (CAMAC)  system  was 
programmed  and  integrated  into  a  lab  electrohydraulic  motion  simulator 
to  accurately  produce  the  real-time  position/time  control  signals  to 
the  test  fixture. 
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Figure  1-1.  Systems  Simulation  Methodology 
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VERTICAL 


Figure  1-2.  M9  Hatch  Mounted  to  Motion  Base  Simulator 


Several  hatch  hinge  failures  occurred  throughout  the  88  hours  of 
testing.  These  failures  and  resultant  corrective  action  issues  are  pre¬ 
sented  in  the  M9  Hatch  Test  Compendium,  submitted  to  Chassis  Branch 
( AMCPM-LCV-TC)  by  the  Testing  Support  Division  (AMSTA-TE)  on  20  August 
1986.  Testing  was  resumed  after  short  delays  between  failures  and  was 
completed  by  13  August  1986. 

Simulation  testing  essentially  surfaced  hatch  hinge  problems,  which,  if 
not  discovered,  would  not  have  surfaced  until  Initial  Production  Testing 
scheduled  for  mid -1988. 


4.0.  RECOMMENDATIONS 

When  final  design  modifications  to  the  hatch  are  completed,  it  is  recom¬ 
mended  that  a  similar  test  profile  be  implemented  in  the  Physical 
Simulation  Laboratory.  The  hatch  development  risk  will  be  reduced  if  no 
failures  are  encountered  in  this  next  test  phase. 

The  System  Simulation  and  Technology  Division  will  retain  all  computer 
models  and  CAMAC  programs  created  during  this  effort.  All  fixturing  and 
associated  hardware  will  also  remain  in-house. 


5.0.  DISCUSSION 
5.1.  DADS  Modeling 


The  analytical  model  of  the  M9  ACE  was  created  and  simulated  using 
the  DADS  computer  code.  DADS  was  developed  jointly  by  the  University  of 
Iowa  and  TACOM.  Vehicle  parameter  data  required  for  the  assembly  of  the 
model  include  inertia,  mass  properties,  geometry  and  external  forces 
applied.  DADS  simulates  a  system  as  a  collection  of  rigid  bodies  con¬ 
nected  by  user-selected  joints,  constraints,  and  springs  to  predict  for¬ 
ces,  torques,  and  motion  time  histories  when  subject  to  prescribed 
external  forces  (terrain  profiles). 

Once  a  working  model  has  been  developed,  a  terrain  disturbance  and 
vehicle  speed  are  selected,  and  a  simulation  is  conducted.  Several 
variables  of  interest  are  monitored.  These  include  vehicle  pitch  rate, 
ride  comfort,  and  (in  the  case  of  the  M9) ,  hatch  position.  If  the 
course  selection/speed  acceptance  criteria  are  met,  then  the  simulation 
is  selected  for  output  generation  of  control  signals  for  the  lab  motion 
simulator.  If  the  criteria  are  not  met,  a  different  vehicle  speed  is 
selected  and  another  simulation  performed.  A  typical  simulation  takes 
about  48  hours. 

5.2.  Laboratory  and  Electrohydraulic  Control  System 


The  lab  control  system  consists  of  the  following  integrated  systems: 
CAMAC,  analog  buffer,  servo  amplifiers  and  servo  valve /actuator /f ixture . 
(See  Figure  5-1.)  The  heart  of  this  system  is  the  CAMAC  system.  CAMAC 
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is  an  internationally  accepted  laboratory  industry  standard  used  for 
computer-automated  measurement  and  control.  The  System  Simulation  and 
Technology  Division  used  CAMAC  to  provide  all  the  control  and  data 
acquisition  functions  for  the  motion  simulator.  A  program  was  written  on 
the  CAMAC  to  provide  real-time  analog  control  signals  from  the  DADS 
digital  output  file.  Features  of  this  program  include: 

•  Statistical  analysis  of  command  signal  (maximum,  minimum, 
runtime,  etc.) 

•  Computed  maximum  velocity  of  command  signal 

•  Safety  features  (avoid  overloads,  extreme  velocities, 
improperly  selected  scenarios) 

•  Real-time  control  (simulate  hatch  events  as  they 
occurred).  Functions  of  other  components  in  the  system 
are  given  below. 

-Analog  Buffer:  provides  electronic  buffering  and 
convenience  "breakout”  panel  for  recording  and 
measuring  signals  of  interest 

-Servo  Amp:  provides  position  control  and  current 
amplifier  compatible  with  servo  valves. 

-Fixture:  provides  electrohydraulic  servo-valve- 
controlled  actuation  with  hatch  mounted  to  planar 
base.  Provides  18. 0-inch  displacements  at 
approximately  10  g's  (acceleration  of  gravity), 
which  is  well  within  the  requirements  of  the  test. 

5.3.  Course /Speed  Selection  Criteria 


It  was  originally  desired  to  use  profiles  of  the  Perryman  and 
Churchville  areas  at  Aberdeen  Proving  Grounds  as  the  disturbance  input 
to  the  M9  ACE  model,  This  was  not  possible  for  several  reasons: 

•  Both  courses  are  extremely  long  (several  miles)  and,  as  a 
result,  complete  profiles  have  never  been  made. 

•  Any  attempt  to  profile  a  small  portion  may  result  in  a  too- 
specific  (undesirable)  characteristic  of  the  course. 

An  alternative  approach  was  adopted.  Terrain  surfaces  from  many  areas 
of  the  world  have  been  profiled  and  characterized.  The  System 
Simulation  and  Technology  Division  holds  a  large  library  of  these 
terrain  profiles,  encompassing  the  entire  spectrum  of  surface  charac¬ 
teristics.  This  activity  has  produced  the  following  results  and  is 
illustrated  in  Figure  5-2. 

•  Secondary  roads  (hard,  graded,  nonpaved)  have  an  average 
surface  roughness  of  0.2  inches  root  mean  square  (rms). 
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•  Cross-country  surfaces  in  Western  Europe  have  an  average 
surface  roughness  of  1.0  inch  rms. 

•  Cross-country  in  the  Kiddle  East  is  most  severe  with 
average  roughness  of  1.5  inches  rms. 

The  three  course  selections  were  made  on  the  basis  of  this  analysis. 

They  are  summarized  in  Table  5-1.  Each  course  contains  a  wide  spectrum 
of  frequencies  and  amplitudes  and  all  three  courses  together  cover  the 
variety  of  terrains  likely  to  be  encountered  in  the  field. 

The  simulated  M9  vehicle  speed  selection  was  based  on  satisfying  several 
criteria : 

•  "Worst-case"  ride. 

•  Driver  comfort  severity  not  to  exceed  that  which  could  be 
sustained  over  long  periods  of  time  (greater  than  15 
minutes) . 

•  Resultant  hatch  position  and  orientations  not  to  exceed  fix¬ 
ture  capability  (±8  inches). 

A  degree  of  ride  comfort  can  be  assessed  by  determining  two  useful 
criteria:  average  vertical  absorbed  power  and  pitch  rate.  The  absorbed 
power  is  a  time-average  rate  of  flow  of  energy  into  a  vibrating  body 
(human) .  It  characterizes  vibration  severity  by  correlating  it  to  the 
response  of  a  human  body.  It  is  a  quantitative  measurement  in  units  of 
watts.  Extensive  past  study  indicates  that  crew  personnel  can  comfor¬ 
tably  withstand  ride  qualities  that  exhibit  an  absorbed  power  level  of 
no  more  than  6  watts  over  extended  periods  of  time.  Past  mobility 
experience  also  indicates  that  vehicle  pitch  rates  of  greater  than  25 
degree/second  will  also  approach  the  maximum  ride  severity  limit.  Both 
driver's  absorbed  power  and  vehicle  pitch  rates  were  monitored  while 
running  the  M9  DADS  computer  model  over  the  selected  courses. 

Therefore,  the  task  was  to  choose  the  maximum  vehicle  speed  which 
approaches  and  satisfies  both  criteria. 

It  can  be  noted  from  Table  5-1  that  the  rough  and  mild  courses  produced 
vehicle  pitch  rates  near  the  maximum  level  (25  degree/second),  but  the 
absorbed  power  did  not  quite  reach  the  6-watt  level. 

It  would  have  been  desirable  to  obtain  a  6-watt  ride  with  a  25 
degree/second  pitch  rate.  This  did  not  occur  with  the  M9  because  the 
vehicle  inherently  pitches  severely  when  driven  cross-country.  The 
dynamic  index,  a  calculated  index  based  on  a  vehicle's  moment  of  iner¬ 
tia,  mass,  and  radius  of  gyration,  supports  this  observation.  The  dyna¬ 
mic  index  for  this  vehicle  is  6.  A  typical  vehicle  exhibits  a  dynamic 
index  of  1 . 

Vehicle  speeds  higher  than  what  was  chosen  would  also  have  produced 
positional  excursions  that  would  have  exceeded  the  test  fixture’s 
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Table  5-1.  Course  Scenario 


Course  Name 

Severity 

Length 

Description 

Fort  Hood  FR1 

0.4  in.  rms 

380  ft. 

Severe  secon¬ 
dary  road. 
Provides  high- 
frequency 
input. 

Aberdeen 

Proving  Ground  9 

1.04  in.  rms 

245  ft. 

Average  cross¬ 
country 

Fort  Knox  56a 

1.76  in.  rms 

368  ft. 

Severe  cross¬ 
country 
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i8-inch  maximum.  In  fact,  the  rough  course  DADS  run  at  7  mi/h  produced 
some  excursions  exceeding  this  constraint.  The  CAMAC  lab  controller, 
however,  was  programmed  to  slightly  attenuate  the  hatch  duty  cycle  pro¬ 
file  as  necessary  to  "fit"  the  motion  simulator  in  order  to  avoid 
slamming  and  damage  to  the  fixture  and  test  specimen.  The  position/time 
duty  cycles  of  all  runs  made  are  included  in  the  Addendum  to  this  report. 

5. 4.  Test  Results 


Several  problem  areas  surfaced  in  this  test.  Generally,  the  hatch 
assembly  required  realignment,  and  excessive  play  and  wear  were  noted. 
These  problems  are  detailed  in  the  M9  Hatch  Compendium,  submitted  to 
Chassis  Branch  (AMCPM-LCV-TC)  by  the  Testing  Support  Division  (AMSTA-TB) 
on  20  August  1986. 
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DATA  SECTION 


Strip  Charts:  Page 

Actuator  Position:  21-23 

Secondary  Road 
Mild  Cross-Country 
Rough  Cross-Country 


Hatch  Acceleration:  24-29 

Pitch  -  Secondary  Road 

Mild  Cross-Country 
Rough  Cross-Country 

Vertical  -  Secondary  Road 

Mild  Cross-Country 
Rough  Cross-Country 
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SECONDARY  ROAD  15  MPH 

Number  of  data  samples  in  file  =865 
Time  for  one  iteration  =  17.299  seconds 

ACTUATOR  1  ACTUATOR  2  ACTUATOR  3 

Minimum  Position  (In)  -2.42200  -4.28800  -4.29100 

Maximum  Position  (In)  0.80500  1.34600  1.33300 

Maximum  Velocity  (In/Sec)  19.00928  21.71060  21.71060 


MILD  XCOUNTRY  9  MPH 

Absorbed  Power  =  4  Watts 

Number  of  data  samples  in  file  =928 

Time  for  one  iteration  =  18.559  seconds 

ACTUATOR  1  ACTUATOR  2  ACTUATOR  3 

Minimum  Position  (In)  -2.04000  -5.65300  -5.66100 

Maximum  Position  (In)  3.01500  4.77000  4.75900 

Maximum  Velocity  (In/Sec)  24.71207  43.07103  42.92096 
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ROUGH  XCOUNTRY  7  MPH 

Absorbed  Power  =4.1  Watts 

Number  of  data  samples  in  file  =1197 

Time  for  one  iteration  =35.909  seconds 

Data  attenuated  0.75  between  pt.704  and  pt.1020 

ACTUATOR  1  ACTUATOR  2  ACTUATOR  3 

Minimum  Position  (In)  -4.10000  -7.69300  -7.71100 

Maximum  Position  (In)  4.04600  7.68800  7.75400 

Maximum  Velocity  (In/Sec)  26.94649  51.29171  51.02491 
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LOCAL  PITCH  ACCELERATION  -  M9ACE  -  9MPH(t1ILDXC) 


UERTICAL  ACCEL.  -  DRIUER'S  STATION  -  15NPH< SCROAD ) 
Vmax  =*  381.11871 

Ymin  3  —247.22635 
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